AMPLES of water-hyacinth were collected from the main stream of Nile River near the location of El-Kanater El-Khayria. Plant samples were taken at three intervals during March, August and December during the years 2014 and 2015 to study the seasonal variation. The harvested plants were divided into leaves, stems and roots and were subjected for general analysis of crude protein, ash, crude fat, fibers and nitrogen free extract.
These samples were used for the determination of chlorophyll, sugars, and carbohydrates and free amino acids content analysis. Other fresh samples of leaves, stems and roots were oven dried at 70 0 C for 24 hr, the dried plant materials were kept for the other chemical analysis.
Determination of ash
Other samples were ash dried using a muffle heater at 800 0 C for 24 hr as described by A.O.A.C., 1985 (26) for the determination of the ash contents.
Determination of nitrogen, protein, crude fat and crude fibers
Total organic nitrogen and crude protein were determined by the usual Kjeldahl method (26) .
For the determination of crude fat: Total lipids were extracted in a soxhlet apparatus at (60-80 0 C) for 8 hrs using petroleum ether according to A.O.A.C., 1985 (26) .
Crude fibers were estimated by the subsequent boiling in sulphuric acid (200 ml, 1.25% W/V) and sodium hydroxide (200 ml, 1.25%) as described by A.O.A.C., 1985 (26) .
Determination of the nitrogen free extract
Nitrogen free extract was calculated by differences.
Determination of total carbohydrates and sugars content
Total carbohydrates were hydrolyzed using 1 N sulphuric acid in sealed tubes at 100 0 C for 24 hr. Total soluble sugars were extracted by 80% ethanol for 6 hr. Total carbohydrates and sugars were determined using the method described by Dubois et al. (27) . Reducing sugars were determined in the ethanol extract according to A.O.A.C. method (26) .
Determination of metals content
The dried samples were digested in Kjeldah flasks using a mixture of nitricperchloric-sulphuric acid mixture (3 : 2 : 1 by volume as V/V/V). After complete digestion, the solution was cooled and transferred into a volumetric flash and made up to the volume with double distilled water. Na, K, Ca, Mg, Fe, Mn, Cu, Zn, Pb and Co were determined in the liquid sample solution using Unicom Sp. 1900 Atomic Absorption.
Results and Discussion

General analysis
The percentages of crude protein, ash, fat, fibers and nitrogen free extract of the dried material are presented in Table 1 . In general, results demonstrate minor variation between leaves, stems or roots regarding to their chemical composition. However, the sampling season on which the plant materials were collected showed little variation in the chemical constituents. Crude proteins showed higher values in samples collected during March (spring season) or August (summer season) rather than those harvested in December (winter season). That holds true for both the studied seasons during 2014 and 2015. On the other hand, both leaves and stems exhibited slight increase in their proteins content as compared with the roots. Ash content showed maximum concentration during March. The highest ash content was detected in leaves during the two successive seasons. Naturally, fat was found relatively within low concentration in the waterhyacinth plant organs. Samples collected during December (winter season) showed the maximum fat contents rather than those collected during March or August for both the consequent seasons namely 2014 and 2015. The leaves exhibited comparatively higher fat content than that of stems or roots.
Fiber content exhibited the following decreasing order during the two studied seasons:
March (spring season) > December (winter season) > August (summer season) However, the plant organs exhibited the following decreasing order in terms of their fiber contents:
Roots > stems > leaves
Nitrogen free extract was the predominant fraction as compared with the other determined component in water-hyacinth. However, its fluctuation during the different sampling dates could be arranged as follows:
December (winter season) > August (summer season) > March (spring season) Thus, it could be concluded that there was negative correlation between nitrogen free extract content and both crude protein and ash content. However, no detectable variation could be found between the different plant organs in terms of their nitrogen free extract content.
Previous investigators mentioned variable values for the chemical analysis of water-hyacinth as compared with the data given here. For instance, El-Falaky et al. (8) declared that water-hyacinth contains 10 % crude protein, 11% ash and 79% organic matter. On the other hand, About-Bakr et al. (4) reported that water-hyacinth contained 49.6 % protein, 16% total lipids, 26.9% total carbohydrates, 11.7% fiber and 5.8% ash. Such variation is expected and may be attributed to the quality, biological and chemical nature of the aquatic environment from which the plants were collected.
Sugars and carbohydrates content
Leaves, stems or roots of water-hyacinth plant showed considerable variations with regard to their sugars and carbohydrates contents. In this respect, stems exerted maximum reducing sugars content. On the other side, leaves of water-hyacinth exhibited the highest values of non-reducing and total sugar contents followed by stems and roots ( Table 2) . The same trend was noticed for total carbohydrate contents regarding its distribution in the different organs of water-hyacinth, (i.e. leaves > stems > roots). That holds true for both the successive seasons.
On the other hand, the recorded sugars and carbohydrates content showed no fixed trend alongside the different sampling seasons. In other words, some fluctuations were detected during the course of the present study. It is most likely that water-hyacinth samples harvested during the summer (in August) exerted maximum sugars and carbohydrates content rather than those collected in spring (March) and winter (December).
Uptake of metals by water-hyacinth
Results are given in Table 3 . These results demonstrate the metals content in the dried water-hyacinth samples during different sampling seasons. From the results, it is obvious that sodium, potassium, magnesium and calcium are the predominant elements. Iron, Zinc and manganese occurred in relatively moderate concentrations. On the other hand, copper, lead and cobalt were within very low concentration in correlation with the above mentioned metals.
During the two studied seasons, sodium was found within high level in samples taken during March or August rather than those of December. Meanwhile, leaves of water-hyacinth showed maximum sodium content during season 2014. However, roots exerted the highest sodium level in the second season (2015). Narrow pattern variation could be observed with regard to potassium and magnesium as they exhibited higher levels in the earlier sampling dates (March or August). However, the distribution of both potassium and magnesium in the different organs varied according to the sampling dates and the growing season. The highest potassium level was detected in plant leaves related to 2014 samples. However, the highest potassium level was shown in roots of plants collected in 2015.
Calcium showed maximum content in August (summer) of 2014 and March (spring) 2015, respectively. Manganese, Zinc and iron exhibited another trend in response to their fluctuation in water-hyacinth tissues during the different sampling season. Samples collected in the summer (August), exhibited the maximum level for the last mentioned three elements namely, Fe, Mn and Zn. However, comparatively very low concentration was recorded in plant samples that were collected in March or December during both the studied seasons.
Nevertheless, no regular trend could be noticed in response to the distribution of these elements in the different plant organs.
Maximum lead content was recorded in August of both the studied seasons. However, maximum cobalt content was determined in plants that were sampled during December season. El-Falaky et al. (8) reported that the accumulation of metals by water-hyacinth depends on the initial concentration of the nutrient elements in water, the period of growth and the plant part namely, leaves stems or roots. Abdel-Shafy et al. (28) , reported that metals are accumulated mostly by plant roots followed by leaves and that metals are less accumulated by the stems. Abdel-Haleem, et al. (6) reported that water-hyacinth plant is a good tool for water profile in monitoring the aquatic environment and it could reflect the situation of the investigated water-contamination. Meanwhile, other investigators (2, 24, 28) stated that in the aquatic environment, accumulation of metals by plants is depending on the level of metals in the aquatic system, salinity, period of growth as well as the type of metal.
Conclusions
The overall results reveal that water-hyacinth plant contains considerable nutrient elements. Meanwhile, the plant has the potential of accumulating certain metals from the surrounding aquatic environment. Furthermore, the plant parts namely the roots, stems and leaves has variable chemical constituents. These plant parts have also variable capacity towards accumulation of metals from the aquatic environment. It can be concluded from the above study that the water-hyacinth plants can be used as animal fodders due to their valuable nutrient contents. However, care must be taken not to collect such plant from contaminated water to avoid any accumulation of heavy metals by this aquatic plant. Therefore, heavy metal contents must be detected in the fodders before use. Moreover, water-hyacinth plant could be employed as bioindicator to the contamination of the aquatic system. Table (3 
